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Abstract Alzheimer’s disease represents one of the
greatest challenges to the social fabric and health care
systems of the world since the great plagues of the Middle
Ages. At the present time, there are some 40 million suf-
ferers from this disease worldwide, but it is predicted that
this number will rise to nearly 150 million by 2050. The
predominant reason for this rapidly increasing prevalence
is the increase in longevity that has resulted from the
tremendous advances in public health and hygiene and in
medical and surgical interventions over the last century.
This article discusses recent progress in our understanding
of the molecular origins of Alzheimer’s disease and
emerging ideas for new and rational therapeutic strategies
by which to combat its onset and progression.
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1 Introduction
Plagues, or the rapid emergence of outbreaks of fatal dis-
eases, have been a prominent feature of the human con-
dition throughout history (Dobson 2015). The ‘biblical’
plagues of Egypt, recorded in the Book of Exodus, are
thought to have occurred between ca. 1500 and 1200 BCE,
although there has been much speculation about the origins
of these events, including whether or not they are mythical,
or if they could have represented the consequences of a
period of climate change. In more recent history, devas-
tating ‘plagues’ are better documented, such as the ‘Plague
of Athens’ in 430–426 BCE, which followed severe over-
crowding in the city, accompanied by insanitary condi-
tions, as people took refuge from the approaching Spartan
army during the Peloponnesian War. It is thought that a
third of the population of Athens could have died from
disease at this time, speculated to be anything from typhoid
to measles.
Another well-documented plague from antiquity was the
‘Plague of Justinian’, which occurred in 541–544 AD in
Constantinople and throughout the Byzantine Empire.
There is increasing evidence that this pandemic was the
first recorded outbreak of bubonic plague, the disease that
more than any other is often simply described as ‘the
plague’. Frequent outbreaks occurred in mediaeval Europe,
the infection having spread from Asia along the increas-
ingly heavily used trade routes. The most famous of these
episodes was the ‘Great Mortality’ or the ‘Black Death’
that afflicted Europe in 1347–1353 AD, and is estimated to
have killed one third of the population of the continent and
to have caused unprecedented social and economic
upheaval. There were other periodic outbreaks of bubonic
plague, including the ‘Great Plague’ of London in 1665,
although none was as devastating as that of the mid-four-
teenth century. Other diseases, however, ravaged the world,
including measles and smallpox, which spread like wildfire
amongst the populations of ‘new worlds’ such as the
Americas and Australasia with the arrival of European
colonists, as the indigenous people had no immunity to
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these diseases that were previously unknown in those
regions (Dobson 2015; Haines and Steckel 2014).
With the massive overcrowding that occurred in cities as
a result of the increasing industrialisation in the nineteenth
century, outbreaks of infectious diseases such as cholera
and typhoid became common until the importance of
public health and hygiene became recognised. Then, in the
aftermath of the First World War, perhaps the most lethal
pandemic of all time occurred, the ‘Spanish flu’ of
1918–1919, which is thought to have caused the deaths of
50 million people (more than the toll that resulted from the
War itself). There is now increasing evidence that this
‘plague’ was the result of a strain of influenza similar to
that of ‘bird flu’, outbreaks of which have generated much
concern in recent years (Dobson 2015).
2 Changes in human behaviour and the spread
of disease
The modern investigation of such pandemics reveals close
links with rapid changes in human activities and lifestyles.
All of the classic plagues are of infectious diseases, both
bacterial and viral, whose spread was dramatically
enhanced by increasing population densities, a process
beginning with the change from a hunter-gatherer lifestyle
more than 10,000 years ago, and by the increasing number
of people travelling ever more rapidly over larger distances
carrying the infectious agents; both of these factors
increase the risk of transmission, particularly to popula-
tions that have not previously been exposed to such dis-
eases. The changes in human behaviour that resulted in
outbreaks of disease were, however, accompanied by an
increasing realisation of their causes and of effective means
of prevention and treatment. Improvements in sanitation
and hygiene, and the development of vaccines and of
antibiotics, have been dramatic, such that in much of the
world the chances of dying from the classic infectious
diseases that plagued humanity until modern times have
been hugely reduced. The risk of pandemics has not been
completely abolished, however, as resistant strains of many
diseases that were thought to be have been largely sup-
pressed, such as tuberculosis, have emerged, and ‘new’
types of disease have appeared, such as HIV/AIDS and
Ebola (Dobson 2015; Peacock 2014). Even in such cases,
however, modern science has so far managed to limit
significantly the severity of these more recent ‘plagues’.
The decline in the number of cases of infectious disease
has led to greatly increased lifespans in most parts of the
modern world; life expectancy in the most highly devel-
oped countries is now about 80 years compared to
approximately 50 years a century ago. The result, however,
has been a large increase in cases of non-infectious
conditions, notably cancer and cardiovascular disease,
which are now the greatest causes of death in much of the
world outside sub-Saharan Africa. In the last few decades,
however, there has been a dramatic increase in another
group of disorders, collectively called dementias, of which
the most common is Alzheimer’s disease (AD) (Knowles
et al. 2014). Dementia has recently been called a ‘twenty-
first century plague’, and indeed its rapidly increasing
incidence and currently incurable nature is giving rise to
the type of fears that in the past were associated with the
plagues of infectious diseases of the type discussed above.
3 The increasing number of cases of Alzheimer’s
disease
Alzheimer first described the disease that bears his name in
a lecture in 1906, after studying the case of a 51-year old
woman, Auguste Deter who was admitted to the Frankfurt
Asylum suffering from severe dementia. At the time, her
case was a curiosity, and indeed it is evident that she was
suffering from a rare early onset form of AD. Indeed it was
only some 40 years ago that AD began to be recognised as
an increasingly common condition among the elderly, but
since then the number of cases has increased dramatically
within our ageing populations (Alzheimer’s Association
2015). The number of cases in the USA, for example, now
exceeds 5 million, and it is estimated that there are some 40
million sufferers worldwide. This number is anticipated to
rise to about 135 million by 2050, of whom more than 70 %
will be in low or middle income nations; AD is, therefore,
no longer a phenomenon confined to the wealthy nations of
the world (Fig. 1). This increase in the number of cases is
entirely attributable to the increasing number of people over
the age of 65, where the incidence of symptoms is between
1 and 2 % of the population, rising to between one-third and
one-half of those living to the age of 85.
The financial burdens of this condition are enormous
because of the need for continuous care of patients, often
for years. In the USA, for example, the costs of AD are
estimated to approach $200 billion this year and are pre-
dicted to exceed $1 trillion by 2050 (Fig. 2); indeed in the
next 35 years, the cost of care and associated issues for AD
sufferers in the USA alone is anticipated to be approxi-
mately $20 trillion. Moreover, the extremely debilitating
and uniquely distressing nature of dementia has huge
implications for the stability of society and tremendous
challenges for the health care systems of the world. It is for
this reason that dementia has recently become recognised
as an emerging international catastrophe, resulting in the
first G8 Dementia Summit in London in 2013 where the
need to increase spending on research into the nature of the
disease, and into new approaches to the development of
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therapeutic strategies for its prevention and treatment, was
clearly recognised.
4 Alzheimer’s disease and amyloid deposition
It was evident from the earliest autopsies of patients who
had died with AD that a characteristic feature of this
condition is the presence of proteinaceous deposits within
the brain. Indeed, these deposits were named ‘amyloid’
because they were found to stain with dyes that also stain
for starch (the Latin word for which is ‘amylum’). Indeed,
it is now known that approximately 50 human diseases in
addition to AD are associated with amyloid deposits (Chiti
and Dobson 2006), including other neurodegenerative
conditions such as Parkinson’s disease (PD), Huntington’s
disease (HD) and motor neuron disease (MND), also
known as amyotrophic lateral sclerosis (ALS). This group
Fig. 1 Global life expectancy for both sexes in 2012. Source World Health Organization Map Production: Health Statistics and Information
























Fig. 2 Predicted costs of
Alzheimer’s disease in the USA.
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of diseases also includes systemic amyloidoses, where
proteinaceous deposits are widespread in organs such as the
liver, kidney and spleen; type II diabetes, where the
deposits are found in the pancreas; and dialysis-related
amyloidosis (DRA), where the deposits are formed in joints
and skeletal tissue, and are a consequence of long-term
hemodialysis procedures used to treat patients with kidney
failure. In each of these conditions, the deposits are pre-
dominantly composed of one specific protein, which differs
from one disease to another, and are often made up of
masses of highly intractable thread-like fibrils, a few
nanometers in diameter but often microns in length (Chiti
and Dobson 2006).
Our interest in this class of diseases began in the mid-
1990s by complete chance, as we were focused at that time
on the study of protein folding (Radford et al. 1992). One
of the proteins that we were studying in greatest detail was
lysozyme, an antibacterial enzyme, for which we had
established many of the key determinants of the process
through which it folds to its functional state. It then
emerged that several familial mutations exist and that some
give rise to a fatal form of systemic amyloidosis, bringing
this enzyme into the group of proteins associated with
protein deposition diseases (Booth et al. 1997). Further
research on this system resulted in the discovery that these
mutations greatly increased the probability of the protein
misfolding, and that the misfolding process resulted in the
conversion of the protein into pathogenic amyloid fibrils.
One of the fascinating questions that then arose con-
cerned the nature of these fibrils and the determinants of
their structure, which X-ray fibre diffraction studies had
revealed as possessing a common ‘cross-b’ architecture
consisting of b-strands oriented perpendicular to the fibril
axis, which then form b-sheets oriented parallel with this
axis (Sunde and Blake 1997). The existence of a common
architecture for proteins in amyloid fibrils contrasts
strongly with the fact that the native states of proteins are
extremely varied, forming intricate and complex folds that
are determined by the sequence of the amino acid building
blocks in the polypeptide chains of which they are
composed.
5 The generic nature of the amyloid state
Clues to the intrinsic nature of amyloid fibrils came from
the unexpected, and initially chance, observation that in the
laboratory it is possible to convert many proteins from their
normal functional states into amyloid fibrils (Fig. 3)
(Guijarro et al. 1998). Moreover, in a crucial series of
experiments with polypeptide sequences in which all the
amino acid residues are the same, such as polythreonine, it
became evident that, unlike their functional forms, the
architecture of the amyloid state of a protein is not encoded
in its sequence (Fa¨ndrich and Dobson 2002). This obser-
vation has led to the realisation that there are two alter-
native highly organised forms of proteins, the unique
functional native states and the generic amyloid state
(Fig. 4) (Dobson 2008). The varied and complex structures
of native proteins result from the dominance of specific
interactions between the side-chains in the unique
sequences of those proteins selected by evolution for
functional purposes. By contrast, the structure of the
amyloid state is dominated by the interactions of the
polypeptide main chain that is common to all proteins; the
amyloid structures of different proteins, therefore, adopt a
common core structure, albeit with variations in the spac-
ing of the b-sheets and other details, such as the way the
various component protofilament structures assemble
together to form the mature fibrils (Fa¨ndrich and Dobson
2002).
The atomic-level structure of an amyloid fibril, an
11-residue peptide from the protein transthyretin, has
recently been determined by a combination of biophysical
techniques, particularly solid-state NMR spectroscopy and
cryo-EM (Fitzpatrick et al. 2013). The structure (Fig. 5)
Fig. 3 Images of amyloid fibrils formed from the SH3 domain of PI3
kinase. The fibrils were formed in vitro by incubation of the protein
(whose native structure is represented in Fig. 4) at low pH (Guijarro
et al. 1998). Although the SH3 domain has no links with disease, the
fibrils (that have diameters of just a few nanometers) have all the
characteristics of the fibrillar aggregates isolated from the tissue of
patients suffering from amyloid diseases such as Alzheimer’s and
Parkinson’s disease (Chiti and Dobson 2006). This observation gave
rise to the concept that the amyloid structure is a common or ‘generic’
form of protein architecture albeit, as we discuss below, it is one that
is generally observed in nature only in pathological states (Dobson
1999)
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shows that the core of the protofilaments is composed of a
pair of nearly flat b-sheets, a feature proposed earlier on the
basis of cryo-EM studies of the SH3 protein discussed
above (Guijarro et al. 1998; Jime´nez et al. 1999), and
suggests the presence of water-filled cavities of the type
observed in the X-ray structures of amyloid-like peptide
microcrystals (Nelson et al. 2005). The fact that the cross-b
structure is a characteristic arrangement of polypeptide
chains is supported by the results of computer simulations
(Auer et al. 2008), as well as by theoretical analysis and by
the results of investigations of the role of the arrays of
hydrogen bonds that are features of this molecular archi-
tecture (Knowles et al. 2007). Although the specific protein
sequence does not itself define this overall architecture, it
does play a major role in defining the relative propensity of
a given protein to convert from its normal functional state
to the polymeric amyloid state, a feature that turns out to be
crucial in enabling proteins in living systems to avoid rapid
conversion into their amyloid states that in many cases may
be thermodynamically the most stable state of a protein
molecule (Baldwin et al. 2011).
6 The pathogenic consequences of amyloid
formation
The conversion of soluble protein molecules into amyloid
fibrils is accompanied by the loss of biological activity,
as the latter is generated by the proximity of the func-
tional groups of specific side-chains that are brought
together in the unique fold of the native state. The
conversion of a protein into the amyloid states is, how-
ever, associated with more than a loss of biological
activity. Biological systems have evolved in such a way
that the correctly folded structures of protein molecules,
and indeed other biological molecules, can be packed
together at high densities within cells and extracellular
space (Minton 2000). The amyloid state of a protein
Fig. 4 Comparison of examples of native and amyloid structures of
protein molecules. On the left are ribbon diagrams of the native
structures of three small proteins: an SH3 domain (top), myoglobin
(bottom) and acylphosphatase (middle). The native structures differ in
their topologies and contents of a-helices and b-sheets resulting from
the dominance of side-chain interactions within their highly evolved
sequences. On the right is a molecular model of an amyloid fibril
[image kindly provided by Helen Saibil, Birkbeck College, London
from work reported in Jime´nez et al. (1999)]. The fibril was produced
from the SH3 domain whose native structure is shown on the left, and
consists of four ‘protofilaments’ that twist around one another to form
a hollow tube with a diameter of approximately 6 nm. The b-strands
(flat arrows) are oriented perpendicular to the fibril axis and are
linked together by hydrogen bonds involving main chain amide and
carbonyl groups, many of which are intermolecular, to form a
continuous structure in each protofilament. The protofilaments are
held together by much weaker interactions involving primarily side-
chain contacts. As the main chain is common to all polypeptides, the
core protofilament structures of fibrils from different sequences have
common features, differing only in detail as a result of differences in
the non-dominant effects of side-chain packing. The black arrow
indicates that when the native states of globular proteins are
destabilised, they tend to convert into the generic amyloid structure,
as described in the text. From Dobson (2008)
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molecule (except in the rare cases where this form of
proteins has a functional role) is intrinsically misfolded,
and so is inherently prone to interact inappropriately
within the crowded and complex environment of a living
system (Dobson 1999). The assembly into amyloid fibrils
is a stepwise process that begins with the formation of
small clusters of misfolded protein molecules that ulti-
mately grow into mature fibrils. Moreover, these oligo-
meric species have been found generally to be much
more toxic than the fibrils, a phenomenon that can be
attributed to the greater exposure of ‘sticky’ hydrophobic
side-chains that is associated with these pre-fibrillar
species, which have much higher surface-to-volume
ratios than do the larger and more structured fibrils
(Bucciantini et al. 2002).
A key issue that arises in this context is why such spe-
cies form and give rise to disease. Protein biosynthesis in
living systems involves the generation of polypeptide
chains having specific sequences of amino acids, the
information for which is encoded in the genomic DNA,
following which the folding process takes place in complex
cellular environments. There is a finite possibility that any
given chain will not fold correctly, but there are sophisti-
cated and highly efficient systems within cells that can
detect that a given polypeptide chain is misfolded and then
target it for degradation; such a mechanism avoids the
accumulation of potentially toxic aggregates, enables the
component amino acids to be recycled and incorporated
into new protein molecules, and in addition turns out to
play a key role in the functioning of the immune system
Fig. 5 Structure of an amyloid fibril at atomic resolution. The
structure shown is one of several polymorphs of the amyloid fibrils
that are formed from an 11-residue fragment of transthyretin
(Fitzpatrick et al. 2013). The combination of cryo-electron micro-
scopy imaging (a) with solid-state NMR analysis has enabled the
determination of an atomic-level structure (b). A more detailed view
(c) shows the hierarchical organisation of the amyloid fibril in which
the three filaments that form the mature fibril illustrated here are in
turn formed by pairs of cross-b protofilaments, which are each
composed of pairs of b-sheets. The fibril surfaces are shown as
electron density maps, and the constituent b-sheets are shown in a
ribbon representation; oxygen, carbon and nitrogen atoms are shown
in red, grey and blue, respectively. From Knowles et al. (2014)
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(Dobson 2003; Rubinsztein 2006). Indeed, both cells and
extracellular spaces have a wide range of specialised pro-
teins, many of which are called ‘molecular chaperones’ as
they discourage inappropriate interactions during protein
folding, whose purpose is the prevention of misfolding and
its consequences (Hartl and Hayer-Hartl 2009). It is now
clear that misfolding disorders such as Alzheimer’s disease
result at the most fundamental level from the failure of
such protective mechanisms, with the result that pathogenic
forms of proteins can accumulate and progressively dam-
age or destroy those cells in their vicinity (Dobson 2003).
7 Amyloid formation and the loss of protein
homeostasis
The actions of molecular chaperones and other systems that
prevent misfolding play a key role in the maintenance of
protein homeostasis, the mechanism by which every living
system maintains the appropriate balance of the generation
and degradation of proteins that enables all the normal
functions of the organism to be carried out. Once such pro-
tective systems fail to prevent the progressive aggregation of
one or more proteins, such homeostasis is lost and pathology
results (Balch et al. 2008). It is clear that the ability to avoid
protein aggregation is an important factor in biological
evolution, and that all our proteins are able to remain in their
functional states under normal physiological conditions.
Nevertheless, recent evidence indicates that most proteins
within their biological environments are at the highest con-
centrations at which they can remain soluble (Tartaglia et al.
2007). The reason for this situation is likely to result from the
fact that the sequences and structures of protein molecules
have evolved to enable them to be stable at the concentra-
tions that are required for their optimal function. As random
mutations will in general reduce their stability and solubility,
proteins in living systems will tend to be just capable of
remaining in their functional states under normal conditions.
This conclusion enables us, at least qualitatively, to be
able to rationalise the reasons that protein misfolding dis-
eases—virtually unknown a century ago—are now
becoming frighteningly common (Dobson 2002; Knowles
et al. 2014). Many of these ‘modern diseases’ can be
attributed to the fact that we are now living to ages
unprecedented in all of human history, and as we get older
our protective mechanisms have an increasing tendency to
fail, for example because proteins have an increasing ten-
dency to be damaged by processes such as oxidative stress,
and as the production of energy required for efficient
protection starts to decline, resulting in a loss of protein
homeostasis. Indeed, it appears that certain proteins are
particularly vulnerable under such circumstances, many of
which are in the pathways associated with
neurodegenerative diseases, as they are ‘supersaturated’,
that is they accumulate to levels that make them particu-
larly vulnerable to aggregation (Cyriam et al. 2015). Other
misfolding disorders are associated with different features
of modern life, for example increasing obesity can change
the levels of crucial protein hormones in the pancreas and
result in type II diabetes. Another example is dialysis-re-
lated amyloidosis, as prolonged treatment by dialysis for
kidney failure changes the levels of some serum proteins,
notably b2-microglobulin whose concentration can be
increased by well over an order of magnitude, resulting in
its slow deposition in joints and skeletal tissue.
In addition, the familial amyloid diseases, such as the
systemic amyloidosis associated with lysozyme or the small
fraction of cases of Alzheimer’s disease with early ages of
onset, can be attributed to the effects of mutations that
reduce the solubility and stability of the proteins involved.
A particularly dramatic example of these principles has
come from the study of transgenic organisms such as fruit
flies that express the 42-residue protein fragment (Ab42)
that is the major component of the aggregates that form in
Alzheimer’s disease. By using the knowledge of the effects
of amino acid substitutions on the propensity of a given
protein to aggregate, it has been possible to design muta-
tions within the sequence of Ab42 that increase or decrease
its propensity to aggregate and form amyloid deposits
(Luheshi et al. 2007). Insertion of these mutational variants
into the transgenic flies (Fig. 6) shows a remarkable cor-
relation between aggregation propensity and neuronal
damage (as revealed by locomotor ability and lifespan), a
finding that both reveals the role of the aggregation process
in neurodegeneration and the impact that the aggregation of
a single (in this case non-essential) protein can have on the
viability of a complex living system.
8 Towards therapeutic intervention in amyloid
diseases
One of the key advances in our understanding of Alzhei-
mer’s disease and related conditions has been the realisa-
tion that for many proteins, particularly those that are
relatively small or have been fragmented by proteolytic
enzymes, the amyloid state can be more stable thermody-
namically than the native state even under physiological
conditions (Baldwin et al. 2011). The reason for the ability
of such species to resist the conversion from their soluble
forms into the amyloid state is, therefore, strongly depen-
dent on the kinetics of this transition, the details of which
are now beginning to emerge. It is now clear, for example,
that the process of amyloid fibril formation involves a
variety of distinct steps (Knowles et al. 2009). The first of
these steps involves a primary nucleation event, in which
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two or more soluble monomeric species interact with each
other (Fig. 7). The resulting oligomers can then grow
through sequestration of further soluble species, and in
addition proliferation can result from secondary processes
including fragmentation and surface-induced nucleation
(Cohen et al. 2012). For filamentous aggregates, fragmen-
tation increases the number of fibril ends from which
growth can occur, and further nucleation can occur on the
surfaces of the growing aggregates (Fig. 6). The aggrega-
tion reaction, therefore, includes a feedback loop such that
the growth of aggregates catalyses the formation of more
aggregates, leading to their rapidly increasing proliferation
(Cohen et al. 2012, 2013).
The development of a multitude of experimental and
theoretical techniques, ranging from single molecule
measurements to mathematical modelling, has now made it
possible to extract the rates of the different microscopic
steps from experimental measurements of the kinetics of
macroscopic amyloid formation under a series of defined
conditions. In the case of the AD-related Ab42, analysis of
experimental data has revealed the importance of the
catalysis of the aggregation reaction by secondary nucle-
ation on the surfaces of those aggregates that have already
formed (Cohen et al. 2013). Moreover, studies of the
effects of a variety of molecular chaperones reveal that
different chaperones act on different microscopic steps in
the aggregation process. Of particular interest is the fact
that some chaperones target the initial primary nucleation
process, but if such defenders fail to prevent the formation
of aggregates, however, others are available as a second-
stage defence mechanism. Indeed, it is clear, for example,
that specific chaperones are able to switch off very selec-
tively the catalytic process that drives the proliferation of
the aggregation of Ab42, and hence suppress the produc-
tion of the most highly toxic oligomeric species associated
with AD (Fig. 8) (Cohen et al. 2015). It is, therefore, evi-
dent that biological systems have developed a series of
mechanisms by which prevention of the formation and
Fig. 6 The effect of mutations
in the sequence of the
42-residue human Alzheimer
Ab-peptide on neuronal
dysfunction in transgenic fruit
flies (Luheshi et al. 2007). The
upper left panel (a) illustrates a
climbing assay of flies
expressing the wild-type
sequence (left) and two
mutational variants predicted to
reduce the peptide’s aggregation
propensity; the more mobile the
flies the higher up the tube they
can climb. The right hand upper
panel (b) represents a similar
experiment with flies expressing
the Ab-peptide containing the
E22G ‘‘Arctic mutation’’ (left
hand tube). The two right hand
tubes are of peptides that
contain mutations that decrease
the propensity to form pre-
fibrillar aggregates (protofibrils)
in particular. The lower panel
(c) shows the degree of
correlation between the relative
locomotor activity of a series of
mutational variants against their
predicted propensities to form
protofibrils. From Dobson
(2008)
258 Rend. Fis. Acc. Lincei (2015) 26:251–262
123
spreading of the species that are most damaging to cells can
be achieved (Arioso et al. 2014).
The fact that biology has managed to generate such
effective protection mechanisms, that result in few cases of
AD developing until old age except where pathogenic
mutations act to increase the risk of misfolding and
aggregation, suggests that we might learn from the strate-
gies that have evolved in living systems. The increasing
emergence of misfolding diseases in the modern world, and
indeed the experiments with fruit flies discussed above,
show that relatively modest changes in the concentrations
or properties of proteins are sufficient to cause a shift
between health and disease. The corollary of this obser-
vation is that relatively modest changes in the other
direction should be able to reduce the risk of these types of
disorders, for example making it less likely that Alzhei-
mer’s disease will develop or progress until much more
advanced ages (Arioso et al. 2014). One particularly
attractive therapeutic strategy, therefore, would be to find
means of enabling our natural defence systems to continue
to act effectively in old age. We are therefore exploring
ways of achieving this objective by searching for mole-
cules that act, rather like the chaperones discussed above,
as inhibitors of one or more of the microscopic processes
that are involved in the aggregation process. Initial results
suggest that small molecules that resemble existing types
of pharmaceutical compounds may be able to act in this
way (Arioso et al. 2014; Knowles et al. 2014), and we are
now developing means of screening such potential drugs
that are based on the techniques that we have developed to
probe the intrinsic phenomena that underlie specific
disorders.
9 Looking to the future
Research into the causes of misfolding disorders, notably
Alzheimer’s disease that is now reaching the level of a
‘twenty-first century plague’, has only been conducted in
earnest for a few decades. By contrast, the bacterial and
viral diseases that once plagued humankind were studied
for centuries in the context of the progressive develop-
ments in our understanding of biological and medical sci-
ence (Dobson 2015). Moreover, huge strides have also
been made in the last 100 years or so in the development of
the means of treating and preventing non-communicable
diseases such as heart disease and cancer. Such diseases
that were until recent times thought to be incurable are
increasingly considered to be manageable and eminently
treatable. Protective compounds such as statins reduce the
risk of heart disease, and drugs such as tamoxifen have
proved to be extremely effective in treating cancer.
Although some advances in treatments over the ages have
been fortuitous, the large majority has emerged through
painstaking scientific study of the causes of the disease in
question, followed by careful evaluation and development
of therapeutic compounds that emerge from the testing and
screening of possible lead compounds (Dobson 2013).
The progress that has been made in understanding the
molecular origins of Alzheimer’s disease is now at the
point where rational development of therapies can now be
explored (Knowles et al. 2014). The pace of advances in all
aspects of science and medicine has never been greater,
and collaborative efforts that bring together experts in
different disciplines to address major problems have never
been more strongly encouraged. The funding of research
Fig. 7 A summary of the general classes of mechanism that create
protein aggregates. a Primary nucleation pathways result in the
formation of new aggregates from interactions solely between soluble
monomers. Such aggregates can grow, and in the case of fibrillar
species elongate, by the addition of further monomeric species. But
the number of aggregates can increase by additional ‘secondary’
process including b monomer-independent events, such as fibril
fragmentation, which generate new aggregates at a rate that depends
only on the level of aggregates already present in the solution, and
c monomer-dependent events such as surface-catalysed secondary
nucleation; this latter process creates new aggregates at a rate that
depends on the concentrations of both monomeric protein and
existing aggregates. The rate constants are labelled kn, k- and k?,
respectively, and the nucleation reaction orders with respect to the
monomeric protein are denoted nc and n2. For further explanation see
Cohen et al. (2012) from which this figure is adapted
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into dementia is at present only a fraction of that into
cancer, and it is essential that this situation changes, and
initiatives that replicate the US National Cancer Act of
1971, that led to a ‘war on cancer’, are needed to change
this situation for neurodegenerative diseases. We need to
understand yet more about the details of the underlying
causes of these conditions and we need to develop new
biomarkers that enable the progression of disease to be
monitored rigorously and regularly; the latter are essential
to enable clinical trials to be carried out effectively and
rapidly.
With the progress that is being made in such directions
we can therefore be extremely optimistic that misfolding
diseases will follow infectious diseases and illnesses such
as cancer into conditions that can increasingly successfully
be prevented and treated (Dobson 2013; Knowles et al.
2014). In this manner dementia should be like the plagues
of the past, in that its rapid rise in incidence will be fol-
lowed by a steady decrease as it becomes a condition that
can be managed effectively. Moreover, given the nature of
misfolding diseases, there is little if any risk that methods
will need to be found to prevent resistance to effective
drugs, as is the case for infectious diseases and even some
cancers, because the toxic agents of disorders such as
Alzheimer’s disease are not themselves evolving indepen-
dently of the human hosts. There is every reason to believe,
Fig. 8 Identification of the inhibition of secondary nucleation and
evaluation of the consequences on the generation of toxic oligomers
using kinetic analysis. a–c Kinetic reaction profiles for the aggrega-
tion of Ab42 are shown from left (blue) to right (green) for reactions
in the absence of the molecular chaperone called Brichos, and with
10, 20, 50, 75 and 400 % Ab42 monomer equivalents of Brichos. The
effect of Brichos saturates at a stoichiometry of approximately one
monomer equivalent, and the blue dashed line is the integrated rate
law for Ab42 aggregation through primary and secondary nucleation
using previously determined rate constants. The dashed green lines
show predictions for the resulting reaction profiles when each of
a primary nucleation, b fibril elongation and c secondary nucleation is
inhibited by the chaperone. Note the characteristic differences in the
change in the shape of the reaction profile in each case. The prediction
for the case where the chaperone solely and entirely suppresses
secondary nucleation is matched essentially perfectly in the presence
of excess Brichos. The thin dotted lines in c are theoretical predictions
for the intermediate Brichos concentrations using the association and
dissociation rate constants determined from separate binding exper-
iments (Cohen et al. 2015). d–f Time evolution of the concentration
of low molecular weight oligomeric species predicted by this kinetic
analysis. The blue line corresponds to the situation without the
presence of Brichos and the dashed green lines show predictions
when each of d primary nucleation, e fibril elongation and f secondary
nucleation is inhibited by Brichos. The results show that this
particular chaperone suppresses effectively completely the latter
process that has been shown to be that responsible for the
proliferation of toxic oligomeric species in the aggregation process
in the absence of the chaperone. Adapted from Cohen et al. (2015)
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therefore, that these ‘post-evolutionary’ diseases, which
have become prevalent in the modern world because of our
success in addressing those diseases that have plagued
humankind as a result of previous changes in lifestyle, will
themselves become aspects of medical history rather than
medical emergencies.
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